Surface contaminants, such as bacterial debris and manufacturing residues, may remain on orthopaedic implants after sterilization procedures and affect osseointegration. The goals of this study were to develop a murine model of osseointegration in order to determine whether removing surface contaminants enhances osseointegration. To develop the murine model, titanium alloy implants were implanted into a unicortical pilot hole in the mid-diaphysis of the femur and osseointegration was measured over a five week time course. Histology, backscatter scanning electron microscopy and x-ray energy dispersive spectroscopy showed areas of bone in intimate physical contact with the implant, confirming osseointegration. Histomorphometric quantification of bone-to-implant contact and peri-implant bone and biomechanical pullout quantification of ultimate force, stiffness and work to failure increased significantly over time, also demonstrating successful osseointegration. We also found that a rigorous cleaning procedure significantly enhances bone-to-implant contact and biomechanical pullout measures by two-fold compared with implants that were autoclaved, as recommended by the manufacturer. The most likely interpretation of these results is that surface contaminants inhibit osseointegration. The results of this study justify the need for the development of better detection and removal techniques for contaminants on orthopaedic implants and other medical devices.
Introduction
There are over 600,000 total joint arthroplasties performed each year in the United States [1] . The demand for total joint arthroplasty will continue to rise and is expected to exceed 4 million per year in the United States by 2030 [1] . Although, total joint arthroplasty provides excellent 10-15 year outcomes, aseptic loosening of cementless implants remains a major clinical problem [2, 3] . Revision arthroplasty has a higher complication rate, is more difficult, and is more costly than primary procedures [2] . Patients below age 65 now represent 35-45% of all total joint arthroplasty recipients in the United States [4, 5] . These patients will most likely outlive the lifespan of current joint arthroplasties and many of them will require a revision surgery.
Clinical success of a cementless total joint arthroplasty depends upon two main factors: initial fixation due to osseointegration in the first few months after surgery and maintenance of the fixation over the long term [6] . Osseointegration provides a biomechanically stable environment in which the implant can persist under conditions of normal loading [7, 8] . The initial events necessary for osseointegration include mesenchymal cell attachment, spreading, proliferation and differentiation into matrix-secreting osteoblasts on the implant surface that results in the formation of mineralized bone around the implant [9] .
Impaired osseointegration is a clinically significant problem, especially in patients with osteoporosis [10] , diabetes [11] , immunosuppressive therapy [12] , smoking [13, 14] , revision surgeries [15, 16] and other conditions with reduced bone formation. Increased early motion between the implant and the bone also has a detrimental effect on osseointegration [17] . This impaired osseointegration leads to an increased risk of subsequent loosening due to micromotion [18] and/or wear particle migration along the implant which can enhance particle-mediated osteolysis [19] .
Many prior studies of osseointegration have focused on the effects of differing implant compositions [20, 21] , surface topographies [22, 23, 24, 25] , and adsorption of adhesion proteins [26, 27, 28] . In contrast, few studies have focused on surface contaminants that may inhibit osseointegration. More rigorous cleaning procedures are generally required to remove these contaminants than to achieve sterility [29] . For example, bacterial debris and manufacturing residues can remain on an implant surface after sterilization procedures such as autoclaving. The best characterized bacterial debris, lipolysaccharide (LPS), is derived from Gram-negative bacteria and is resistant to extreme temperatures and pH values [30, 31] . LPS is ubiquitous and has a high affinity for biomaterial surfaces [30, 32, 33] . It induces inflammatory pathophysiological responses by activating Toll-Like Receptor 4 (TLR-4), which is expressed by most mammalian cell types [34] . Other common bacterial-derived debris that induce similar inflammatory effects include lipoteichoic acids from Grampositive bacteria and lipopeptides and peptidoglycans derived from both Gram-positive and Gram-negative bacteria [35] . The US Food and Drug Administration (FDA) requires manufacturers to test for LPS by immersing medical devices in water and then measuring the eluted LPS [36] . However, water elution of adherent LPS from a biomaterial is inefficient [30, 32, 33] . Considerable amounts of LPS and other bacterial debris may therefore adhere to the surface of an implant despite low levels of LPS in the eluate.
Non-biological contaminants can also exist on sterilized implants. These contaminants include heavy metals, grit blast material, oil residues, lubricants, cleaning agents, processing aids, handling equipment and packaging debris that can be introduced onto the surface during manufacturing processes [29, 37, 38] . In the last seven years, the FDA has recalled 26 medical devices due to process contamination [39] . For example, a specific lot of hip replacement acetabular cups that was associated with impaired osseointegration and early failure rates was found to be contaminated with both LPS and oil residues [40] . FDA regulatory guidelines for medical devices stipulate that manufacturers identify possible residues, establish a residue limit, to stay below that limit, and to document and validate cleanliness as part of an ongoing process [38] . However, the FDA guidelines do not specify contamination limits or appropriate analytic techniques.
Contaminants that remain on sterilized medical devices, such as orthopaedic implants, may have pathophysiological effects in the body and affect the function of the device. To test this hypothesis, we developed a novel murine model of osseointegration and determined whether integration is enhanced by a rigorous cleaning procedure that our laboratory has previously shown removes greater than 99.9% of adherent LPS from titanium particles [30] . The novel murine model of osseointegration is based on a previous established rat model [41, 42] . Titanium alloy implants, used clinically for craniofacial surgery, were implanted into a unicortical pilot hole in the mid-diaphysis of the femur. Osseointegration was then measured over a 5 week time course by histomorphometry and biomechanical pullout testing. Using this new model, we found that osseointegration is inhibited by contaminants that are removed by the rigorous cleaning procedure but not by routine autoclaving as recommended by the manufacturer. The results of this study provide rationale for the development of better detection and removal techniques for contaminants on orthopaedic implants.
Materials and Methods

Animals
The experimental protocol was approved by the Case Western Reserve University School of Medicine Institutional Animal Care and Use Committee. Male C57BL/6J mice (Jackson Laboratories, Bar Harbor, ME) were maintained at the Animal Resource Center of Case Western Reserve University. Animals were fed irradiated ProLab IsoPro RMH 3000 5p76 (PMI Nutritional International, St. Louis, MO) and water ad libitum.
Implants
Titanium alloy screws (KLS Martin, Jacksonville, FL), used clinically for craniofacial surgery, were utilized as implants. Screw shaped implants are centre-drive, self-tapping and measure 1 mm in diameter and 2 mm in length (Supplementary Figure 1A) . Implants were autoclaved at 273°C for 8 minutes followed by a 30 minute dry cycle, as recommended by the manufacturer. Following autoclaving, a group of implants were rigorously cleaned with five alternating treatments of alkali ethanol (0.1 N NaOH and 95% ethanol at 32°C) and 25% nitric acid as we have previously described [30] . As a measure of adherent bacterial debris, implants from each group was assayed for adherent LPS using the Limulus Amebocyte Lysate (LAL) Assay (Lonza, Basel, Switzerland) with the addition of β-glucan blocker to prevent false positives due to β-glucan-like molecules [43] . Levels of adherent LPS are reported in Endotoxin Units (EU) per m 2 of surface area as determined in Section 2.4.3.
Surgical Procedure
Six to seven week old C57BL/6 male mice were randomly assigned to various groups and anesthetized with an intraperitoneal injection of a 60 ug Acepromazine, 1.7 mg Ketamine and 340 ug Xylazine. The right leg was shaved and scrubbed with betadine. An anterior 2 cm incision was made proximal to the patella and continued along the femur. The femur was exposed, without cutting the muscles, by dissecting between the rectus femoris and the vastus medialis muscles. A unicortical pilot hole was manually made in the anterior middiaphysis of the femur using a pilot hole drill (0.75 mm diameter, KLS Martin, Jacksonville, FL) and the implant was inserted. Implant placement was performed with limited exposure to minimize soft tissue damage. The muscles were allowed to return to their original position and the incision was closed with sutures. Following surgery mice were allowed to ambulate freely. The mice tolerated the surgery well and were able to ambulate immediately but favored the operated leg for 1-2 days after surgery. The femur was inadvertently fractured during implant insertion in less than 5% of the mice and these mice were immediately sacrificed. Mice were sacrificed at 1 to 5 weeks following implantation for histological, µCT, or biomechanical evaluation.
Qualitative Analysis
2.4.1 Histology-Histological preparation was performed in the Case Western Reserve University Department of Orthopaedic's Hard Tissue Histology Core Facility. The femurs were dissected at the time of sacrifice and fixed in 10% formalin for 48 hours. After fixation, specimens were progressively dehydrated in ethanol and embedded in polymethylmethacrylate (PMMA). Specimens were sectioned at a thickness of 200 µm using a low speed IsoMet saw with a diamond wafering blade (Buehler, Lake Bluff, IL), followed by polishing to approximately 100 µm (EchoMet, Buehler, Lake Bluff, IL). Because of the small size of the implant, it was only possible to obtain one central section of the implant per mouse. Sections were stained with Toluidine Blue (Fisher Scientific, Hampton, NH) with or without acid etching (0.2% formic acid). Alternatively, sections were stained with Sanderson's Rapid Bone Stain (Surgipath Medical Industries, Richmond, IL) with an acid fuchsin counterstain [44, 45] . Contralateral femurs were also similarly sectioned and stained.
Backscatter Scanning Electron
Microscopy-Backscatter scanning electron microscopy and x-ray energy dispersive spectroscopy were performed in the Swagelok Center for Surface Analysis of Materials at Case Western Reserve University. Specimens were progressively dehydrated in ethanol and 200 µm sections were prepared as in section 2.4.1. Unpolished and unstained sections were sputter-coated with gold for 2 minutes with the Denton Desk IV (Denton Vacuum, LLC, Moorestown, NJ). Sections were mounted using double-sided carbon tape to ensure grounding and then viewed using the type xT Nova Nanolab 200 (FEI, Hillsboro, OR) with a Nordlys II electron backscatter diffraction detector (Oxford Instruments, Oxfordshire, UK). Elemental analysis was performed by x-ray energy dispersive spectroscopy using the XFlash 4010 detector (Bruker AXS, Madison, WI) on the Nova Nanolab scanning electron microscope. Figure 1D) , which is likely due to variations in placement of the implant into the marrow space.
µCT-Specimens
Biomechanical
Analysis-Biomechanical analyses were performed at the Cleveland Clinic Musculoskeletal Robotics and Mechanical Testing Core. Femurs were dissected and immediately transferred to phosphate buffered saline (PBS). Freshly harvested specimens were used to avoid potential artifacts due to fixation or freezing. Biomechanical pullout testing was performed using the Instron 5543 Frame (Instron, Norwood, MA) with a FlexTest SE Controller (MTS, Eden Prairie, MN). Force was measured through a 10 lb capacity load cell. Femurs were placed under wire loops embedded in PMMA, as illustrated in Supplementary Figure 2A . The implant was then gripped by a custom designed jig, which was then attached to the Instron Frame ( Supplementary Figure 2A) . The jig is composed of a base fixture and a top plate, shown in more detail in Supplementary Figure 2B . Pullout testing was performed at a displacement rate of 1 mm per minute. Ultimate force, stiffness and work to failure were determined from the resultant load versus displacement curves according to ASTM standards.
Statistical Analysis
All data passed normality (Kolmogorov-Smirnov test with Lilliefors' correction) and equal variance testing (Levene median test). Parametric One-Way ANOVA analyses were therefore performed followed by Bonferroni post-hoc tests (SigmaStat 3.0, Systat Software, San Jose, CA). A sample size of eight to thirteen mice per group was used for histomorphometric analysis and a sample size of seven to ten mice was used for biomechanical analysis. The specific sample size for each group is listed in the figure captions.
Results
Murine Model of Osseointegration -Qualitative Results
To develop a novel murine model of osseointegration, implants were autoclaved, as recommended by the manufacturer, and osseointegration was analyzed between 1 to 5 weeks following implantation. Observations of histological sections showed that during the 5 weeks following implantation there were increasing areas of bone in the marrow space surrounding the implant and directly in contact with the implant (white arrows in Figure  1A ). Backscatter scanning electron microscopy images showed portions of the implant surface (white regions in Figure 2A ) in direct contact with bone (grey regions in Figure 2A ) without intervening soft tissue or cellular regions (black regions in Figure 2A ). Bone-toimplant contact (BIC) was further confirmed by elemental analysis using x-ray energy dispersive spectroscopy, which verified the location of the implant, bone and marrow regions ( Figure 2B ). The location of the implant is shown by the elemental maps of titanium, aluminum and vanadium while the location of bone is shown by maps of calcium and phosphorus and the cellular marrow region is shown by a carbon map. The distribution of these regions can be best appreciated in the merged elemental map ( Figure 2C ). Histology, back-scatter scanning electron microscopy and µCT consistently demonstrated a greater amount of bone around the implant in the cross-sectional plane ( Figure 1A, 2A, 2B, 3B ) as compared to the longitudinal plane ( Figure 1B & 1C) . This is likely due to the implant being relatively close to cortical bone in all dimensions in the cross-sectional plane whereas in the longitudinal plane only the top and bottom of the implant are close to cortical bone.
Histology also demonstrated that a neo-cortex formed around the implant over the 5 week time course while the old cortex continually resorbed ( Figure 1A ). There was little bone formation at 1 week after insertion of the implant. However, at 2 and 3 weeks there was a large amount of new bone (black arrows in Figure 1A ) surrounding the old cortex (asterisks in Figure 1A) . By 5 weeks, the old cortex was being resorbed and the neo-cortex was consolidating. This neo-cortex formation and remodeling was observed along a substantial length of the femur, which can be seen in both histology (brackets in left panels in Figure  1B ) and µCT slices ( Figure 1C ). The increase in bone formation and remodeling seen in the implanted femur was local and not due to a systemic response as it did not occur in contralateral femurs (right panels in Figure 1B ).
Osseointegration occurs through intramembraneous bone regeneration [46] , which does not involve an intermediate cartilaginous phase. In contrast, endochrondral bone repair occurs during fracture healing in the absence of rigid fixation [47] . Consistent with intramembraneous osseointegration, cartilage was not observed around the implant at any time point in our model in sections stained with Toluidine Blue with acid etching (Figure 1A  & 1B) . To confirm the absence of cartilage, we performed Toluidine Blue staining on sections without acid etching. Eliminating acid etching impairs penetration of the stain into mineralized bone, thereby, selectively staining cartilaginous tissue [48] . Sections stained with Sanderson's Rapid Bone Stain were also examined for cartilage [45] . No cartilage was observed around the implant at any time point with either stain, confirming that bone repair in this model occurs intramembranously ( Figure 3A & 3B, respectively). Femoral growth plates were used as positive controls and, as expected, stained purple with Toluidine Blue without etching and dark blue with Sanderson's Rapid Bone Stain. Thus, bone formation in our model occurs intramembraneously and is therefore similar to the bone formation that occurs in unicortical defects without implants [49] .
Murine Model of Osseointegration -Quantitative Results
Examination of µCT scans revealed a halo artifact around the metal implant that makes it difficult to identify BIC ( Figure 1C ). Quantitative measurements of osseointegration were therefore restricted to histomorphometry and biomechanical pullout testing. Histomorphometric measurements were performed in the cross-sectional plane where a greater amount of bone was evident (see section 3.1). The percentage of BIC and the percentage of peri-implant bone ( Figure 4A & 4B, respectively) increased significantly after 1 week following implantation (p<0.001 at 2, 3 and 5 weeks). The percentage of BIC continued to increase gradually from 2 to 5 weeks (p=0.009 at 5 weeks) while the percentage of peri-implant bone remained constant after 2 weeks. Biomechanical pullout testing parameters of ultimate force, stiffness and work to failure ( Figure 4C , 4D & 4E, respectively) increased significantly between 1 and 2 weeks following implantation (p<0.002). Between 2 to 3 weeks, ultimate force remained constant ( Figure 4C ), stiffness increased ( Figure 4D ) and work to failure decreased ( Figure 4E ), although neither change was significant. Biomechanical analysis could not be performed at times longer than 3 weeks following implantation because bone growth around the neck of the implant prevented gripping of the implant to perform testing.
Surface Contaminants Inhibit Osseointegration
To test the hypothesis that removing contaminants from the surface of orthopaedic implants enhances osseointegration, we used the novel murine osseointegration model to compare the integration of implants that were autoclaved as recommended by the manufacturer and implants that underwent an additional rigorous cleaning procedure [30] . As expected, histomorphometric measurements of osseointegration in mice with the autoclaved implants (gray bars in Figure 5A & 5B) were similar to those found previously with autoclaved implants (Figure 4A & 4B) . However, BIC was approximately two-fold higher (p<0.001) after 1 week with the rigorously cleaned implants (white bars in Figure 5A ). This enhanced osseointegration was maintained at the 2 and 5 week time points (p=0.001 & p<0.001, respectively). The increased BIC with the rigorously cleaned implants can be appreciated in the representative histological cross-sections shown in Figure 5C . For example, there is substantially more BIC with the rigorously cleaned implants than with the autoclaved implants (compare magnified panels in Figure 5C ). In contrast, autoclaved and rigorously cleaned implants induced similar amounts of peri-implant bone formation ( Figure 5B ) and neo-cortex formation (compare Figure 5D and Figure 1B ).
To more closely examine the effects of surface contaminants on osseointegration, we performed biomechanical pullout testing at the 1 week time point. For this purpose, we compared rigorously cleaned implants and two different lots of autoclaved implants that differed in their level of adherent LPS ( Figure 6A ). Rigorous cleaning of implants significantly increased biomechanical pullout measures of ultimate force (p=0.005), stiffness (p<0.001) and work to failure (p=0.044), compared to autoclaved implants ( Figure 6B , 6C & 6D respectively). Interestingly, this increase in biomechanical parameters inversely correlated with levels of adherent LPS on these implants and all three biomechanical measures were approximately two fold higher for the rigorously cleaned implants than for the autoclaved implants with the highest levels of adherent LPS ( Figure 6B, 6C & 6D) .
Discussion
The two major goals of this study were to develop a murine model of osseointegration and to determine whether removing surface contaminants enhances osseointegration. The novel murine model of osseointegration is based on a previous established rat model [41, 42] . Titanium alloy implants were implanted into a unicortical pilot hole in the mid-diaphysis of the femur and osseointegration was measured over a 5 week time course. Histology, backscatter scanning electron microscopy and x-ray energy dispersive spectroscopy showed areas of bone in intimate physical contact with the implant, confirming osseointegration. Histomorphometric measures of BIC and peri-implant bone and biomechanical measures of ultimate force, stiffness and work to failure increased significantly over time, also demonstrating successful osseointegration. This model was then used to determine whether removing contaminants, such as bacterial debris or manufacturing residues, remaining on orthopaedic implants after sterilization enhances osseointegration. We found that a rigorous cleaning procedure [30] significantly enhances osseointegration compared with implants that were autoclaved, as recommended by the manufacturer. The most likely interpretation of these results is that surface contaminants inhibit osseointegration.
Our murine model of osseointegration will provide two major benefits compared with current larger animal models [50] . First, it will allow the use of knock-out and transgenic mice to test the role of specific genes and molecular pathways in osseointegration. Second, it will allow for cost effective screening of potential countermeasures for impaired osseointegration prior to testing in larger animals. Two laboratories reported preliminary osseointegration studies in mice in the mid-1990s [51, 52, 53] . Recently, osseointegration studies in mice have demonstrated that molecular pathways known to regulate bone turnover also affect osseointegration. Colnot and colleagues used in situ hybridization to show that integration around titanium alloy implants involves molecular markers of bone remodeling [54] . Studies utilizing knock-out mice demonstrated that cyclooxygenase-2 and fibroblast growth factor receptor-3 play important roles in osseointegration [55, 56] . Other investigators found that osseointegration is enhanced with local administration of retroviruses encoding osterix or by pre-coating titanium implants with fibronectin [27, 57] . The performance of stainless steel and poly-lactide implants have also been examined in murine models [58, 59] . However, osteoblasts do not form bone directly on these materials, which limits their usefulness in the study of osseointegration. Lastly, titanium ring implants were studied in murine calvaria [60] . However, this study was focused on vertical bone growth around the ring implants, rather than integration. None of these previous studies examined clinically relevant implants or included biomechanical testing to fully characterize murine osseointegration. Biomechanical testing is necessary to evaluate the ability of an implant to sustain a load, an essential component of osseointegration. Our model includes a time course, appropriate sample size, quantitative analysis, clinically relevant implants and biomechanical testing. This is the first murine osseointegration study we know of that has included all of these parameters.
One limitation of our model is that it requires the use of young mice, since increased muscle size in older mice makes exposure of the femur prior to implantation extremely difficult without inducing extensive soft tissue damage. Young mice differ from older mice, most notably in their potential for bone regeneration [61] . In addition, mice have lower mechanical loads supporting their bones and a higher potential for bone regeneration than larger animals such as humans. The implant in our model is under non-loading conditions. However, non-loading models are useful to examine materials, coatings, or the effects of surface modifications on osseointegration before testing in a loading model [50] . Another limitation of our model is that because of the implant's small size, it is only possible to obtain one central histological section of the implant per mouse. Moreover, biomechanical testing can only be performed at time points up to 3 weeks following implantation because bone growth around the neck of the implant prevents gripping of the implant to perform testing. Despite these limitations, a murine model of osseointegration provides significant advantages as discussed in the previous paragraph and is appropriate for examining certain types of questions, such as whether surface contaminants inhibit osseointegration.
In our model, osseointegration occurs rapidly between 1 and 2 weeks (Figure 4) , most likely because of the high potential for bone regeneration in young mice [61] . After 2 weeks, further osseointegration is modest, and bone remodeling is most likely occuring after this time point. Both histomorphometric and biomechanical measures increase in parallel ( Figure  4 ), similar to the rat model of osseointegration described by Gabet and colleagues [41] . The forces that are measured by biomechanical pullout testing arise from the new bone in contact with the implant (BIC) as well as the bone in between the implant threads (peri-implant bone). Therefore, the three parameters of ultimate force, stiffness and work to failure that are generated from biomechanical testing, provide information about the mineralized tissue in the BIC and/or peri-implant bone [62] . Ultimate force is a measure of the failure of the mineralized tissue within the threads and is therefore dominated by the peri-implant bone. Stiffness is the immediate resistance of the mineralized tissue on the implant surface to deformation and is therefore dominated by the BIC. Work to failure is a measure of the energy that can be absorbed by the mineralized tissue and is the area under the force versus displacement curve. Therefore, work to failure is influenced by both the stiffness (BIC) and ultimate force (peri-implant bone)
We found that contaminants remaining on the implant surface after sterilization significantly inhibits osseointegration as assessed by measurements of BIC and biomechanical pullout testing ( Figure 5 & 6) . Autoclaved implants had higher levels of LPS, derived from Gramnegative bacteria, when compared to the rigorously cleaned implants that have enhanced osseointegration. Because soluble LPS inhibits osteoblast cell differentiation on tissue culture plastic [63, 64, 65] , it is likely that adherent LPS on the surface of implants can inhibit osteoblast differentiation and thereby inhibit osseointegration. Our results do not however demonstrate that adherent LPS caused the impaired osseointegration since we can not exclude the possibility that other contaminants on the autoclaved implants may also impair osseointegration.
In this study, surface contaminants inhibited BIC and biomechanical pullout testing without affecting either peri-implant bone or the neo-cortex formation ( Figure 5 & 6) . These results are reminiscent of the finding that surface roughness enhanced BIC and biomechanical parameters in a rabbit osseointegration model but had no affect on peri-implant bone formation [23] . Thus, both surface contaminants and surface topography primarily effect bone formation on the implant surface (BIC) and have less effect on more distant bone formation (peri-implant bone). In contrast, we would predict that stimulation of bone formation in general would increase both BIC and peri-implant bone as has been shown with systemic parathyroid hormone (PTH) treatment [42] . In the PTH study, biomechanical pullout testing results primarily correlated with the amount of peri-implant bone formation rather than with BIC as we observed. This is likely due to the different spatial pattern of effects induced by implant surface modifications and systemic treatments.
In this study we developed a novel osseointegration model that provides quantitative and reproducible measurements of osseointegration in mice. Using this model, we found that contaminants on orthopaedic implants inhibit osseointegration as measured by histomorphometry and biomechanical pullout testing. The results of this study justify the need for the development of better detection and removal techniques for contaminants on orthopaedic implants and other medical devices.
Highlights
• Developed a novel murine model of ossointegration
• Osseointegration characterized by histomorphometry, back-scatter SEM, XEDS, and biomechanical pullout testing
• Surface contaminants inhibited bone-to-implant contact and biomechanical pullout testing
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Refer to Web version on PubMed Central for supplementary material. , and work to failure (E). Data shown as mean ± SEM; "a" denotes p<0.001 compared to 1 week, "b" denotes p=0.009 compared to 2 weeks, "c" denotes p<0.002 compared to 1 week, and "d" denotes p=0.006 compared to 1 week. For histomorphometric analysis, n=8 at 1 week, n=13 at 2 and 3 weeks, and n=10 at 5 weeks. For biomechanical analysis, n=9 at 1 week, n=8 at 2 weeks, and n=10 at 3 weeks. Figure 5C -E. Data shown as mean ± SEM; "a" denotes p=0.005, "b" denotes p<0.001 and "d" denotes p=0.044 compared to rigorously cleaned implants; "c" denotes p=0.014 compared to autoclaved lot#1. For rigorously cleaned implants, n=7. For autoclaved implants lot #1, n=8. For autoclaved implants lot#2, n=9.
